RABIN & CHAMPAGNE, P.C. 



n 
as 



STEVEN M RABIN 
C THOMAS M CHAMPAGNE* 
^ ROBERT H. BERDO, JR. 
'CHARLES W. PETERSON, JR.* 
IJJdmitted to a bar other than d c 

o 



SUITE 1111 
1725 K STREET, NW 
WASHINGTON, DC 20006 



PATENT, TRADEMARK 
AND COPYRIGHT LAW 
TELEPHONE- (202) 659-1915 
TELEFAX (202)659-1898 
E-MAIL rabintaw@aol com 



§ 

o 

< 



CO 

o 
a 

Q O 
O 
3 O 
O * 



Box: PATENT APPLICATION 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Re: New Patent Application of: SeijiANDOH 

Title: PACKAGE STRUCTURE FOR A SEMICONDUCTOR DEVICE 



o 

Attorney Reference: OKI 226 .^o ; 



Sir: 



Please find attached hereto an application for patent which includes: 

[x] Specification, Claims and Abstract (15 pages) 

[x] 5 Sheets of Drawings (Fig. 1 through Fig. 14) 

[x] Inventor Declaration and Power of Attorney (1 Page) 

[x] Assignment document with cover page (2 Pages) 

[x] Fee (see formula below) Check Enclosed 



Basic Fee $380/760 
Additional Fees: 

Total number of claims: 19 
in excess of 20: ^ times $09/18 

Number of independent claims: _3_ 
in excess of 3: _0_ times $39/78 

Multiple Dependent Claims $130/260 

Recording Fee $40. 

TOTAL FEES FOR THE ABOVE APPLICATION 



$ 760.00 



$ 00.00 



$. 

$. 



00.00 
00.00 



$ 40.00 
$ 800.00 



In the event there is attached hereto no check, or a check for an insufficient 
amount, please charge the fee to our Account No. 18-0002 and notify us accordingly. 

The rights of priority are claimed under 35 USC §1 19 of Japanese 
Application No. 10-232126, filed August 18, 1998. 



August 17. 1999 



Date 



Respectfully submitted, 



Steven M. Rabin 
Reg. No. 29,102 



SMR:vap 



- 1 - 



PACKAGE STRUCTURE POR A SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 
The present Invention relates to a package structure for a eemiconductor 
device, and more particularly, It relates to a package structure having radiation 
solder bumps and connection solder bumps on a back surface of the package 
stnicture. 

A conventional semiconductor device includes a package for covering a 
semiconductor chip, a substrate having a main surlace on which the 
semiconductor chip Is formed and radiation solder bumps and connection solder 
bumps fomned on the back surface of the substrate. 

The radiation solder bumps are fomned in the center area of the back 
surface of the substrate. The connection solder bumps are formed In the 
peripheral area which surrounds the center area of the substrate. The connection 
solder bumps are electrically connected to electrodes of the semiconductor chip 
through conductive lines formed in tha substrate. Therafors, the connection 
solder bumps have a function of temiinals for connecting the semiconductor device 
to an outside circuit. 

When the semiconductor device is mounted on a circuit board, the 
ssmioonductor device is subjected to a heat treatment (it is called as a reflow step). 
The circuit board has radiation pads located In corresponding position to the 
radiation solder bumps and connection pads located In corresponding position to 
the connection solder bumps. The radiation solder bumps and connection solder 
bumps are melted by the heat treatment so that both of the solder bumps are 
connected and joined to the pads, respectively. Therefore, the semiconductor 
device Is fixed on the circuit board. 

Each of the connection solder bumps should be connected to one of the 

connection pads indepandantly. Therefore, the connection solder bumps ere 



formed with a predetdiminad pitch so that the adjacent connaction soldsr bumps 
should not joined each other by the heat treatment (It Is called as a solder bridge). 

The radiation bumps which are not connected to the electrodes of the 
semiconductor chip are formed with the same pitch of the connection solder bumps. 
The heat energy generated by the semiconductor chip In the package Is 
transferred to the circuit board through a thermal conduction part Including the 
radiation bumps and radiation pads. The transferred heat energy is diffused in 
the circuit board and outgoing from the circuit board. 

Since the radiation solder bumps are formed with the same pitch of the 
connection solder bumps, a cross sectional area of the thermal conduction part is 
relatively small and a coefficient of themial conductivity thereof Is low. 

SUMMARY OF THE INVENTION 
The present invention is done in consideration of the problems of the 
conventional semiconductor device. The object of the present invention is to 
provide a new and improved semiconductor device Including radiation protrude 
electrodes which improve coefficient of themriai conductivity of the semiconductor 
device. 

To solve the issues of the conventional semiconductor device, a package 
structure for a semiconductor device comprises a substrate having a main surface 
and a back surface, a semiconductor chip formed on the main surface of the 
substrate, a package covering the semiconductor chip, radiation protrude 
electrodes and connection protmde electrodes. The radiation protrude electrodes 
are formed on the back surface of the substrate in a chip area where said 
semiconductor chip Is located. Each of the radiation protrude electrodes are 
formed with a first pitch so that the radiation protrude electrodes make one body 
joining layer when the package structure is subjected to a heat treatment. The 
connection protrude electrodes are formed on the back surface of the substrate in 



a peripheral aroa of the chip area. Each of the connection protrude electrodes 
formed with a second pitch which is larger than the first pitch so that the connection 
protrude electrodes stay Individual when the paclcage structure is subjected to a 
heat treatment. 

BRIEF OESCRIPTIOIM OF THE DRAWINGS 

Figure 1 ia a side elevation view of a semiconductor device according to 
the first embodiment of the present invention; 

Figure 2 is a bottom plan view of the semiconductor device according to 
the first embodiment of the present invention; 

Figure 3 Is a side elevation view of the semiconductor device and a circuit 
board according to the first embodiment of the present invention; 

Figure 4 is an enlarged elevation view of the semiconductor device and 
the circuit board shown in Fig, 3; 

Figure 5 is a fragmentary sectional view of the circuit board used in the 
first embodiment of the present invention; 

Figure 6 Is another fragmentary sectional view of the circuit board used in 
the first embodiment of the present invention; 

Figure 7 le a side elevation view of a semiconductor device and a circuit 
board according to the second embodiment of the present Invention; 

Figure 6 Is a bottom plan view of the semiconductor device according to 
the second embodiment of the present Invention; 

Figure 9 is an enlarged elevation view of the semiconductor device and 
the circuit board shown In Fig. 7; 

Figure 10 is a sectional view of a semiconductor device according to the 
third embodiment of the present invention; 

Figure 11 Is a sectional view of a semiconductor device according to the 
fourth embodiment of the present invention; 



Figure 12 is a sactionai view of a semiconductor devics according to the 
fifth embodiment of the present Invention; 

Figure 13 is a sectional view of a semiconductor device according to the 
sixth embodiment of the present Invention; and 

Figure. 14 Is a sectional view of the semiconductor device according to the 
seventh embodiment of the present Invention. 

DESCRIPTION OF THE PREFERRED EMBODIfvlENTS 

The preferred embodiment of the present Invention will be explained in 
detail with reference to the accompanying drawings. 

The first embodiment is described referring to Figs. 1 through 6. Figure 1 
Is a side elevation view of a semiconductor device according to the first 
embodiment of the present invention. A semiconductor device 1 0 according to 
the first embodiment of the present Invention Includes a package 1 1 in which a 
semiconductor chip (not shown In Fig. 1 ) is molded. The semiconductor device 
10 includes a substrate 11a having a main surface on which the package 1 1 and 
the semiconductor chip is formed, The semiconductor device 10 further includes 
radiation solder bumps 13 and connection solder bumps 14 formed on a back 
surface of the substrate 11a. 

As shown in Fig. 2, the radiation solder bumps 13 are located in the central 
region of the back surface of the substrate 1 1 a. The connection solder bumps 1 4 
are located In a peripheral region which surrounds the central region of the back 
surface of the substrate 1 1 a. The connection solder bumps 1 4 are electrtcatly 
connected to electrodes of the semiconductor chip through conductive lines formed 
In the substrate, respectively. Therefore, the connection solder bumps 1 4 have a 
function of terminals for connecting the semiconductor device to an outside circuit. 

When the semiconductor device 10 is mounted on a circuit board, first, the 
semiconductor device 1 0 Is put on the circuit board 20. The circuit board 20 has 



radiation pads 21 located In corresponding position to tlie radiation solder bumps 
1 3 as shown in Pig. 5. Th9 circuit board 20 further has connection pads 22 
located in corresponding position to the connection solder bumps 14 as shown in 
Fig. 6. Then, the semiconductor device and the circuit board are subjected to the 
hoat treatment (refiow step). The radiation solder bumps 1 3 and connection 
solder bumps 14 are melted by the heat treatment so that both of the solder bumps 
13, 14 are connected and joined to the radiation pads 21 and the connection pads 
22, respectively. Therefore, the semiconductor device 1 0 Is fixed on the circuit 
board 20. 

Since each of the connection solder bumps 14 is connected to one of the 
electrodes of the semiconductor chip, the connection solder bumps 14 should be 
connected to the connection pads 22 individually. Therefore, as shown in Figs. 1 
and 2, the connection solder bumps 14 are located with a predetermined pitch or 
distance so that the adjacent connection bumps 14 should not joined each other by 
the heat treatment (the joining of pumps is called as a solder bridge), 

On the ether hand, the radiation solder bumps 13 are located with a 
smaller pitch or distance than that of the connection solder bumps' as shown in 
Figs. 1 and 2. Therefore, the radiation solder bumps 13 are joined each other to 
form a solder bridge by the heat treatment, As a result, the radiation bumps form 
a one body connection layer 30 as shown in Fig, 3. In the first embodiment, the 
connection layer 30 for an outgoing radiation Is connected to the Individual 
radiation pads 21. 

For example, diameter of the radiation solder bumps 13 and the 
connection solder bumps 14 is 0.75mm, the pitch or distance between the radiation 
solder bumps 13 is 1 ,00mm and the pitch or distance between the connection 
solder bumps 1 3 Is 1 ,27mm. Preferably, the pitch or distance between the 
radiation solder bumps 13 is 1 to 1 .4 times of the diameter of the radiation solder 
bumps 1 3. Also, the pitch or distance between the connection solder bumps 1 4 Is 



1 ,6 to 1 .7 times of tho diametor of the connection solder bumps 1 4. 

In the stnjcture shown In Fig. 3, heat energy generated In the 
semiconductor chip during the operation is transferred to the circuit board 20 
through the connection layer 30, The transferred heat energy Is diffused In the 
circuit board 20 and outgoing from the circuit board 20. At this time, since a 
thermal conduction part from the semiconductor device 1 0 to the circuit board 20 is 
comprised of a joining connection layer 30, an effective area ratio for outgoing 
radiation is higher than that of the conventional semiconductor device structure. 
Therefore, radiation efficiency of the semiconductor device according to the first 
embodiment of the present invention is improved. 

For the purpose of joining the adjacent radiation solder bumps 13 easily, a 
ratio of the effective area of the radiation pads 21 to all area thereof should be 
higher than a ratio of the effective area of the connection pads 22 to all area 
thereof, For example, as shown in Pigs. 6 and 6, a solder resist layer 40 having 
openings 41 and 42 are formed on the surface of the circuit board 20. in such 
case, the opening 41 for the radiation pad 21 should have larger diameter d2 
(shown In Fig. 5) than a diameter d1 of the opening 42 for the connection pad 22 as 
shown In Fig. 6, 

The diameter d1 of the opening 42 for the connection pads 22, that is an 
effective area ratio, is determined so that the adjacent connection solder bumps 
are not joined each other. On the other hand, the effective area ratio for the 
radiation pads 21 is set to higher than that for the connection pads 22 so as to form 
the solder bridge easily. Where the diameter of the opening 41 is relatively bigger, 
the diameter of the radiation bumps 13 can be bigger and the solder bridge is 
easily formed. 

Figure 7 is a side elevation view of a semiconductor device and a circuit 
board according to the second embodiment of the present invention. Figure 8 Is a 
bottom plan view of the semiconductor device according to the second 



embodiment of the present invention. Figure 9 is an eniargad elevation view of 

the sgmlconductor device and the circuit board shown in dotted square In Fig. 7. 
In the second embodiment, the semiconductor 10 has the same structure of the 
first embodiment. The circuit board 20 of the second embodiment has a radiation 
pad 23 having a wide continued area covering the central area of the back surface 
of the substrate 11a. 

In the second embodiment, the connection layer 30 of the semiconductor 
device 1 0 is Joined with the radiation pads entirely. Therefore, thermal conduction 
efficiency between the connection layer 30 and the circuit board 20 Is larger than 
that of the first embodiment. So, the heat energy generated in the semiconductor 
chip is transferred to the circuit board effectively. 

Figure 10 is a sectional view of a semiconductor device SO according to 
the third embodiment of the present invention. In the third embodiment, a 
substrate 51a has a radiation board 33 In the central area on the back side thereof. 
The radiation board has a high coefficient of themial conductivity for transferring 
heat energy from a semiconductor chip 52 molded by the package 51 to radiation 
solder bumps 54 which are formed on the radiation board 53. The connection 
solder bumps are formed In the peripheral area of the substrate 51a. Bonding 
wires 56 connect the electrodes of the semiconductor chip 52 and the conductive 
lines formed In the substrate 51 a. respectively. As explained in the first 
embodiment, each of the conductive lines is connected to the connection solder 
bumps 55, respectively. The pitches or distances between the radiation solder 
bumps 54 and between the connection solder bumps 55 are the same to the first 
embodiment. 

In the third embodiment, the heat energy generated in the semiconductor 
chip 52 Is effectively transferred to the radiation solder bumps 54 through the 
radiation board 53. When the radiation solder bumps 54 are turned to the 
connection layer by the heat treatment and the connection layer Is connected to 



the circuit board, higher radiation efficiency than that of the first embodiment is 
obtained. 

Figure 11 Is a sectional view of a semiconductor device 50 according to 
the fourth embodiment of the present invention. The semiconductor device 50 of 
the fourth embodiment is added a transit portion 53a to the semiconductor device 
of the third embodiment. The transit portion 53a is directly contacted to a 
semiconductor chip 52 and a radiation board S3. The transit portion dSa is formed 
of a material having high coefficient of thermal conductivity. Other portions of the 
fourth embodiment are same to the third embodiment. 

In the fourth embodiment, the energy generated in the semiconductor chip 
52 is transferred to the radiation board 53 through the transit portion 53a. 
Therefore, higher radiation efficiency than that of the third embodiment is obtained. 

Figure 12 is a sectional view of a semiconductor device 50 according to 
the fifth embodiment of the present invention, The semiconductor device 50 of 
the fifth embodiment has a plane transit portion 53b Instead of the transit portion 
53a of the fourth embodiment. The piano transit portion 53b is directly contacted 
to a semiconductor chip 52 and a radiation board 53. The plane transit portion 
53b is formed of a material having high coefficient of thermal conductivity. Other 
portions of the fifth embodiment are same to the fourth embodiment. 

In the fourth embodiment, the energy generated in the semiconductor chip 
52 is transferred to the radiation board S3 through the plans traneit portion 53b. 
Since the plane transit portion S3b is contacted to the semiconductor chip 52 and 
the radiation board 53 with larger area than the transit portion 53a, higher radiation 
efficiency than tliat of the fourth embodiment is obtained. 

Further, the semiconductor chip 52 can be directly contacted to the 
radiation board 53 without the transit portion 53b. In this case, the semiconductor 
chip 52 is joined with the radiation board 53 by die bonding material. 

Figure 13 is a sectional view of a semiconductor device 60 according to 



93^aS/'17 1SIS3 OKI ED IP SECTION STEUE NO. 221 Peni''a<i'» 



- 9 - 



the sixth embodiment of the present Invention. In the sixth embodiment, the 
semiconductor device 60 has a substrate 62 having a recess on the back surface 
62a thereof. The semiconductor chip 61 is mounted in tine recess of tlie substrate 
62 by the chip-on board mounting (COB) method so that electrodes of the 

5 semiconductor chip are connected to conductive lines (not shown in l=ig. 1 3) 
formed in the substrate 62. Radiation solder bumps 63 are formed on the bacl< 
surface of the semiconductor chip 61 directly. Connection solder bumps 64 are 
formed on the bacl< surface 62a of the substrate 62 in order to be connected to the 
conductive lines, respectively. The pitches or distances between the radiation 

15 solder bumps 63 and between the connection solder bumps 64 are the same to the 

^ first embodiment. 

)i In the sixth embodiment, the heat energy generated in the semiconductor 

O chip 61 l8 directly transferred to the radiation solder bumps 63. 
iy Figure. 1 4 is a sectional view of the semiconductor device according to the 

b seventh embodiment of the present invention, in the seventh embodiment, a 
u peripheral area of the substrate 62 and connection solder bumps have the same 
structure of the sixth embodiment. Therefore, explanation of these portions are 
omitted from the drawing (Fig. 14) and the specification. 

in the seventh embodiment, a solder resist layer 65 having openings 66 is 
20 fomned on the bacl( surface of the semiconductor 81 and the bacl< surface e2a of 
the substrate 62. The opening are located to the corresponding positions for the 
radiation solder bumps 63 (located on the back surface of the semiconductor ship 
61) and for the connection solder bumps (not shown; located in the peripheral area 
of the back surface 62a of the substrate 62). As shown in Fig. 1 4, the radiation 
2 5 solder bumps 63 are formed at the designed position which is led from the opening 
66. The radiation solder bump5 63 are positioned closely each other for joining In 
one body during the heat treatment. Where the position of the radiation solder 
bumps 63 is deviated from the designed position, the solder bumps 63 are joined 
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before the heat treatment. In such case, a height of the joined radiation solder 
bumps 63 turns low and such bumps may not be contacted to the circuit board. 
However, in the seventh embodiment, the radiation solder bumps 63 are formed at 
the position of the opening 66 of the solder resist layer 65 so that the radiation 
solder bumps 63 are fomied In the designed positions and the radiation solder 
bumps 63 have the same height. Therefore, the radiation solder bumps 63 of the 
seventh embodiment can be contacted to the circuit board surely. 

As explained above, according to the present invention, the 
semiconductor device has radiation protrude electrodes joining to one body 
connection layer by the heat treatment. Therefore, effective area for outgoing 
radiation Is increased and radiation efficiency is improved. 



WHAT IS CLAIMED IS: 



1 . A package structurs for a semiconductor device corrprlaing: 
a substrate having a main surface and a back surface; 

a semiconductor chip formed on the main surface of said substrate; 

a package covering said semiconductor chip; 

a plurality of radiation protrude electrodes formed on the back surface of 
said substrate In a chip area where said semiconductor chip is located, each of 
said radiation protrude electrodes formed with a first pitch so that said radiation 
protrude alactrodes make one body Jolrting layer when the package structure is 
subjected to a heat treatment; and 

a plurality of connection protrude electrodes fomied on the back surface of 
said substrate in a peripheral area of the chip area, each of said connection 
protrude electrodes formed with a second pitch which is larger than the first pitch 
so that said connection protnjde electrodes stay individual when the package 
structure Is subjected to a heat treatment, 

2. A package structure according to claim 1 , whsrain said radiation 
protrude electrodes and connection protrude electrodes are solder bumps. 

3. A package structure according to claim 1 , wherein said connection 
protrude electrodes are electrically connected to pads of said semiconductor chips. 

4. A package structure according to claim 1 , wherein said substrate 
Includes radiation plate high coefficient of thermal conductivity formed on th© back 
surface In th© chip region of said substrate, and wherein said radiation protrude 
electrodes are fomied on the radiation plate. 
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5. A package structure according to claim 4, wlierein said substrate has 
a relay portion having high coefficient of thermal conductivity attached said 
semiconductor chip and the radiation piate. 

6. A package structure according to cialm 5, wherein said relay portion is 
attached entire back surface of said semiconductor chip. 

7. A package structure according to claim 1 , wherein said radiation 
protrude electrodes and connection protrude electrodes have the same diameter. 

8. A package structure according to cialm 7, wherein the first pitch is 
about 1to 1.4 times of the diameter of the electrodes, and the second pitch is 
about 1 .6 to 1 ,7 times of the diameter of the electrodes. 

9. A method of mounting a semiconductor device on a circuit board 
comprising the step of: 

providing the semiconductor device including, 

a plurality of radiation protrude electrodes formed on a back surface 
of a substrate in a chip area where a semiconductor chip is located, each of said 
radiation protrude electrodes formed with a first pitch, and 

a plurality of connection protrude electrodes femied on the back 
surface of said substrate in a peripheral area of the chip area, each of said 
connection protrude electrodes formed with a second pitch which is larger than the 
first pitch; 

providing the circuit board Including a radiation pad located In 
corresponding position to the radiation protrude electrodes and a plurality of 
connection pads located in corresponding position to the connection protmde 
electrodes; 
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mounting the semiconductor device to the circuit board so that the 
radiation protrude electrodes are contacted to the radiation pad and that the. 
connection protrude electrodes are contacted to the connection pads; and 

subjecting the mounted semiconductor device to a heat treatment so that 
the radiation protrude electrodes make one body joining layer and that the 
connection protrude electrodes stay individual. 

1 0. A method of mounting a semiconductor device according to claim 9, 
wherein said radiation protrude slectrodee and connection protrude electrodes are 
solder bumps. 

11. A method of mounting a semiconductor device according to claim 9, 
wherein said radiation protrude electrodes and connection protrude electrodes 
have the same diameter. 

1 2. A method of mounting a semiconductor device according to claim 1 1 , 
wherein the first pitch is about 1 to 1 .4 times of the diameter of the electrodes, and 
the second pitch Is about 1 .6 to 1 .7 times of the diameter of the electrodes. 

13. A method of mounting a semiconductor device according to claim 9, 
wherein the radiation pad has a plurality of radiation pads located at the 
corresponding positions to the radiation protrude electrodes. 

1 4. A method of mounting a semiconductor device according to claim 9, 
wherein the radiation pad has an area covering th9 chip area of the substrate. 



1 5. A pacl<age structure for a semiconductor device comprising: 
a substrate having a main surface and a back surface, said substrate 
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having a recess on the back surface; 

a semiconductor chip formed in the recess of said substrate so that a bacl< 
surface of eald semiconductor chip and the back surface of said substrate ' 
constitute the same plane substantially; 

a plurality of radiation protrude electrodes formed on the back surface of 
said semiconductor chip, each of said radiation protrude electrodes formed with a 
first pitch so that said radiation protrude electrodes make one body joining layer 
when the package structure is subjected to a heat treatment; and 

a plurality of connection protrude electrodes formed on the back surface of 
said substrate, each of said connection protrude electrodes formed with a second 
pitch which Is larger than the first pitch so that said connection protrude electrodes 
stay individual when the package structure Is subjected to a heat treatment 

1 6. A package structure according to claim 1 5, wherein said radiation 
protrude electrodes and connection protrude electrodes are solder bumps, 

1 7, A package structure according to claim 1 5, wherein said connection 
protrude electrodes are electrically connected to pads of said semiconductor chips, 

18, A package structure according to claim 1 5, wherein said radiation 
protrude electrodes and connection protrude electrodes have the same diameter. 

1 9. A package structure according to claim 1 B, wherein the first pitch is 
about 1 to 1.4 times of the diameter of the electrodes, and the second pitch is 
about 1 .8 to 1 .7 times of the diameter of the electrodes. 
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Abstract of the Disclosure 

A package structure for a semiconductor device comprises a substrate 
having a main surface and a back surface, a semiconductor chip fomied on the 
i main surface of the substrate, a package covering the semiconductor chip, 

radiation protrude electrodes and connection protrude electrodes. The radiation 
protnjde electrodes are formed on the back surface of the substrate in a chip area 
where said semiconductor chip is located. Each of the radiation protrude 
electrodes are formed with a first pitch so that the radiation protrude electrodes 
10 make one body joining layer when the package structure is subjected to a heat 
O treatment. The connection protrude electrodes are formed on the back surface of 
^ the substrate in a peripheral area of the chip area. Each of the connection 
rn protrude electrodes formed with a second pitch which Is larger than the first pitch 

so that the connection protrude electrodes stay individual when the package 
1 r structure ie subjected to a heat treatment. 
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